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ABSTRACT
Hierarchical models predict that present-day massive early-type galaxies (mETGs) have finished
their assembly at a quite late cosmic epoch (z ∼ 0.5), conflicting directly with galaxy mass-downsizing.
In Eliche-Moral et al. (2010), we presented a semi-analytical model that predicts the increase by a
factor of ∼ 2.5 observed in the number density of mETGs since z ∼ 1 to the present, just accounting
for the effects of the major mergers strictly-reported by observations. Here, we describe the relative,
coordinated role of wet, mixed, and dry major mergers in driving this assembly. Accordingly to
observations, the model predicts that: 1) wet major mergers have controlled the mETGs buildup
since z ∼ 1, although dry and mixed mergers have also contributed significantly to it; 2) the bulk of
this assembly takes place during the ∼ 1.4Gyr time-period elapsed at 0.7 < z < 1, being nearly frozen
at z . 0.7; 3) this frostbite can be explained just accounting for the observational decrease of the
major merger fraction since z ∼ 0.7, implying that major mergers (and, in particular, dry events) have
contributed negligibly to the mETGs assembly during the last ∼ 6.3Gyr; and 4) major mergers are
responsible for doubling the stellar mass at the massive-end of the red sequence since z ∼ 1, accounting
dry mergers for ∼ 35% of the mass accretion of local mETGs in the last ∼ 8Gyr. The model can
predict the fractions of present-day E’s and S0-S0a’s if the last ones derive exclusively from a wet
major merger occurred since z ∼ 1, while E’s have also undergone at least one gas-poor event during
the same epoch. It can also reproduce the local percentages of rapid-rotating, disky and slow-rotating,
boxy E’s if the last major merger assembling the former ones is mixed and that of the last ones is dry.
The most striking model prediction is that at least ∼ 87(11067 )% of the mETGs existing at z ∼ 1 are
not the passively-evolved, high-z counterparts of present-day mETGs, but their gas-poor progenitors
instead. This implies that & 95% of local mETGs have acquired & 1/3 of their present stellar masses
through major mergers during the last ∼ 8Gyr, meaning that . 5% of present-day mETGs have been
really in place since z ∼ 1. So, the model derives a redshift of final assembly for present-day mETGs
in agreement with hierarchical models (z ∼ 0.5), reproducing at the same time the observed buildup
of mETGs at z . 1. The model proves that the late epoch of final mETGs buildup predicted by
hierarchical models and the galaxy mass-downsizing phenomenon can be reconciled, just through a
correct interpretation of observational results.
Subject headings: galaxies: elliptical and lenticular, cD — galaxies: evolution — galaxies: formation —
galaxies: interactions — galaxies: luminosity function, mass function — galaxies:
morphologies
1. INTRODUCTION
Massive galaxies seem to have been in place in
the Universe before than their low-mass counter-
parts. This observational phenomenon, known as galaxy
mass-downsizing, indicates that galaxies with M∗ &
1011M⊙ must have finished their assembly at z ∼ 0.8
(Pe´rez-Gonza´lez et al. 2008b). This epoch coincides with
the moment at which early-type galaxies (E-S0a’s, ETGs
hereafter) start to dominate the massive end of the
galaxy luminosity function (LFs, see Bell et al. 2004b),
suggesting ”the existence of a dominant mechanism that
links the shutdown of star formation (SF) and the acqui-
sition of a spheroidal morphology in massive systems”
1 Departamento de Astrof´ısica, Universidad Complutense de
Madrid, 28040 Madrid, Spain
2 Instituto de Astrof´ısica de Canarias, C/ Vı´a La´ctea, E-38200
La Laguna, Canary Islands, Spain
3 Departamento de Astrof´ısica, Universidad de La Laguna,
Avda. Astrof´ısico Fco. Sa´nchez, E-38200 La Laguna, Canary Is-
lands, Spain
e-mail: mceliche@fis.ucm.es
(Ilbert et al. 2010).
Present hierarchical models of galaxy formation derive
that this mechanism has been major merging. ΛCDM
models predict that massive ETGs with local masses
M∗ & 10
11M⊙ (mETGs) must be the final rem-
nants of the most ”rich and violent” merging trees oc-
curred in the Universe, being the latest systems to
be completely in place into the cosmic scenario (at
z ∼ 0.5, see Governato et al. 1999; Wechsler et al. 2002;
Meza et al. 2003; Springel et al. 2005; De Lucia et al.
2006; Naab et al. 2006; Gonza´lez-Garc´ıa et al. 2009;
Stewart et al. 2009b). Obviously, this late epoch for the
complete assembly of mETGs conflicts directly with ob-
servational mass-downsizing. However, the merger-origin
of mETGs is supported by N-body simulations in the
last decade, which show that major mergers between
galaxy with typical gas-contents (of . 20-30% of their
baryonic masses) give place to E-S0a remnants basically
(Barnes & Hernquist 1996; Bournaud et al. 2004, 2005;
Naab & Burkert 2003; Naab et al. 2006).
The major merger-origin of ETGs is also suggested by
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numerous observational results. The properties of the
nuclei of disk-disk merger remnants are coherent with
their transformation into normal E-S0’s after 1-2Gyrs,
the majority of local mETGs and of the brightest
group galaxies at intermediate redshifts exhibit traces of
having experienced a major merger, and the structure
and concentration of the most massive ETGs suggest a
formation through radial mergers (see Surma & Bender
1995; Balcells 1997; Brown et al. 2003; Naab & Burkert
2003; Schweizer 2005; van Dokkum 2005; Naab et al.
2006; Robertson et al. 2006; Emsellem et al. 2007;
Rossa et al. 2007; Feldmann et al. 2008; Tran et al.
2008; van der Wel et al. 2008; Walcher et al. 2008;
Spolaor et al. 2009; Banerji et al. 2010). Moreover,
observational studies have identified systems that could
correspond to intermediate stages of major mergers
evolving into ETGs (such as the K+A galaxies, the blue
ETGs, the red spirals, or the post-starburst galaxies,
see Cross et al. 2004; Ferreras et al. 2005; Kaviraj et al.
2007a; Huertas-Company et al. 2010; Falkenberg et al.
2009; Huang & Gu 2009; Kannappan et al. 2009;
Poggianti et al. 2009; Wild et al. 2009b; Wolf et al. 2009;
Basu-Zych et al. 2009; Catinella et al. 2009; Ilbert et al.
2010; Vergani et al. 2009; Huertas-Company et al.
2010; Lin et al. 2010; Wei et al. 2010). However, more
definitive clues are required in order to establish a direct
cause-and-effect link between major mergers and the
appearance of mETGs.
Studies on the time evolution of the intrinsic
properties of mETGs have not provided conclusive
results on their formation and evolution mechanisms
yet. While some authors find that the evolution of
colors, galaxy populations, number densities, and
structural properties of mETGs has been negligible
since z ∼ 2 (directly questioning the hierarchi-
cal picture, see Pozzetti et al. 2003; Bernardi et al.
2006; Carretero et al. 2007; Drory & Alvarez 2008;
Ferreras et al. 2009), other studies report a noticeable
evolution in the physical properties of these galaxies,
quite coherent with an assembly mostly driven by major
mergers (Bell et al. 2004a,b; Eliche-Moral et al. 2006b;
Ilbert et al. 2006; Trujillo et al. 2007; Brown et al. 2007;
Longhetti et al. 2007; Scarlata et al. 2007a; Cool et al.
2008; Drory & Alvarez 2008; Pe´rez-Gonza´lez et al.
2008a; Buitrago et al. 2008; Franx et al. 2008;
Cristo´bal-Hornillos et al. 2009; Kannappan et al.
2009).
Another alternative to study the contribution of ma-
jor mergers to mass assembly is the determination
of the evolution of major merger fractions with red-
shift. Although observational errors make different es-
timates to disagree by more than a factor of ∼ 2
(Bell et al. 2006a; De Propris et al. 2005; Conselice et al.
2009; de Ravel et al. 2009; Huertas-Company et al. 2009;
Jogee et al. 2009; Lo´pez-Sanjuan et al. 2009b, LSJ09c
hereafter), these studies have posed two main results: 1)
that the number of major mergers has decreased strongly
since z ∼ 1, and 2) that wet mergers (i.e., involving
two gas-rich disks) were more frequent than dry (ETG-
ETG mergers) and mixed events (ETG-disk mergers)
at z > 0.6, becoming dry mergers dominant at z <
0.3 (see Khochfar & Burkert 2003; Masjedi et al. 2008;
Tran et al. 2008; Conselice et al. 2009; de Ravel et al.
2009; Liu et al. 2009; Lo´pez-Sanjuan et al. 2009a,
LSJ09a hereafter).
As the observational properties of the most mas-
sive ETGs (mainly, ellipticals) are better repro-
duced by simulations of dry major mergers than of
wet events (Naab & Burkert 2003; Naab et al. 2006;
Robertson et al. 2006; Emsellem et al. 2007), some au-
thors conclude that dry mergers at z < 0.3 must
have driven the final assembly of elliptical galaxies
(van Dokkum 2005; Roche et al. 2009a). This idea is
also supported by the low number detected of blue galax-
ies bright enough to be the gas-rich progenitors of el-
lipticals (Bell et al. 2004b; Faber et al. 2007). However,
the significant drop registered in the number density of
star-forming galaxies since z ∼ 1 and the characteris-
tics of post-starburst galaxies entering in the red se-
quence at z ∼ 0.7 point more directly to wet than to
dry events for explaining the stellar mass migration ob-
served from the blue galaxy cloud to the red sequence in
the last ∼ 8Gyr (Zucca et al. 2006; Scarlata et al. 2007a;
Ilbert et al. 2010; Wild et al. 2009b).
Summarizing, while some authors question not only
the relevance of dry mergers in the final buildup
of the mETGs (Masjedi et al. 2006; Scarlata et al.
2007b), but of all major mergers (Blanton 2006), oth-
ers claim that major merging must have been essen-
tial in it (Bundy et al. 2005, 2009a; Bell et al. 2006b;
Arnouts et al. 2007; Wild et al. 2009b; Lin et al. 2010).
Definitely, the relative role of wet vs. dry vs.mixed merg-
ers in the recent assembly of mETGs is still unsettled.
In order to reconcile all these observational facts,
mixed scenarios for the formation of mETGs have
been proposed, in which blue galaxies have their SF
quenched in gas-rich mergers, migrate to the red se-
quence, and merge further through mixed and dry merg-
ers (Faber et al. 2007; Hopkins et al. 2008a,b). A direct
verification of the feasibility of this scenario account-
ing strictly for the major mergers reported by obser-
vations has not been carried out yet. So, we have ap-
proached this question directly through semi-analytical
modelling, studying how the present-day mETGs would
have evolved backwards-in-time under the hypothesis
that each observed major merger gives place to an ETG.
Results are being published in a series of papers. In
the first paper of this series (Eliche-Moral et al. 2010,
Paper I hereafter), we showed that it is completely feasi-
ble to reproduce the observational buildup of ∼ 50-60%
of present-day mETGs just accounting for the effects of
the major mergers strictly reported by current obser-
vations since z ∼ 1. In the present-paper (Paper II),
we analyse in detail how the coordinated action of wet,
mixed, and dry mergers since z ∼ 1 explains this buildup,
showing that many observational results that are appar-
ently against the hierarchical scenario can be reconciled
with it.
The present paper is organized as follows. In §2, we
give a brief outline of the model. Section §3 is devoted
to the presentation of results. In §3.1, we analyse the
model predictions on the number evolution experienced
by mETGs at z . 1 through major mergers. The relative
role of each merger type in the recent buildup of mETGs
is analysed in §3.2. Section §3.3 compares the model
predictions with different observational and theoretical
estimates at different redshifts. In §3.4, we quantify the
contribution of gas-poor mergers (dry and mixed) to the
T
h
e
ro
le
o
f
w
et,
m
ix
ed
,
a
n
d
d
ry
m
a
jo
r
m
erg
ers
in
th
e
b
u
ild
u
p
o
f
m
E
T
G
s
a
t
z
∼
1
3
recent mETGs buildup. Section §3.5 discusses the model
predictions on the fraction of present-day mETGs that
are really in place since z ∼ 1. The discussion of results
and a brief summary of them can be found in §§4 and 5,
respectively. We will use a ΩM = 0.3, ΩΛ = 0.7, H0 =
70 km s−1 Mpc−1 concordant cosmology throughout the
paper. All magnitudes are given in the Vega system.
2. THE MODEL
A brief outline of the model is given in this section. For
a more detailed model description, the reader is referred
to Paper I.
2.1. Basic outline
The model adopts the backwards-in-time technique
first introduced by Tinsley (1980). It traces back-in-time
the evolution of the local galaxy populations considering
two different sources of evolution: the number evolution
that observational merger fractions imply at each red-
shift, and the typical luminosity evolution of each galaxy
type due to its star formation history (SFH). The evolu-
tion of the volume element for the considered cosmology
is also taken into account. The novelty of the model is
the realistic treatment of the effects of major mergers on
the LFs of galaxy populations (see §2.2).
The model is based on the NCMOD code, created by
Gardner (1998, G98 hereandafter) for generating pre-
dictions on galaxy number counts. The code computes
the L-evolution experienced by each galaxy type, ac-
cording to its SFH. The following local morphological
types have been considered: E-S0a, Sa-Sab, Sb-Sbc, Sc-
Scd, and Sd-Irr (see Paper I, for more information).
We have used standard parametrizations for the SFH
of each galaxy type, and metallicities and characteris-
tic optical depths for each morphological type according
to observations. For all galaxy types, the SF starts at
zf,∗ = 3, where the SFH of the Universe exhibits its
peak (Hopkins & Beacom 2006). Notice that this red-
shift represents the epoch at which the bulk of SF starts
in the Universe, that can be different to the redshift at
which a galaxy is completely assembled, because of merg-
ers (De Lucia et al. 2006).
We have implemented several improvements to the
original code. In particular, the traditional counting
method and the procedures dealing with the L-evolution
and number-evolution have been modified. The orig-
inal spectral evolutionary library of the code has also
been updated to GALAXEV, the isochrone synthesis code
by Bruzual & Charlot (2003).
The original merging procedure implemented by G98
simply removes a given fraction of galaxies at each red-
shift from those galaxy types that the user considers to
be affected by mergers. In this regard, the procedure is
undoing the remnant galaxies into their original progen-
itors (we will refer to this as reversed merging). Never-
theless, the original code implementation provides a too
simplistic view of their role in galaxy evolution: it does
not consider the dramatic morphological transformations
that observational major mergers usually drive, neither
the typical duration of a major merger (real major merg-
ers are not instantaneous), nor the characteristics of the
transitory, intermediate phases undergone by the progen-
itor galaxies during a major merger. For these reasons,
a more realistic merging procedure, strictly based on ro-
bust observational and computational results, has been
implemented in this study (see §2.2).
2.2. Major mergers procedure
The main hypothesis of the model is to consider that
the number density of ETGs that are assembled through
major mergers at each redshift z is equal to the num-
ber density of major mergers that are observed at that
redshift; i.e., we are implicitly assuming that the final
remnant of each major merger is an ETG, as posed by
N-body simulations (see references in §1).
This assumption does not contradict the disk rebuild-
ing scenario proposed by Hammer et al. (2005). Ac-
cording to it, a large disk could be rebuilt after a ma-
jor merger in ∼ 2-3Gyr, in the case that the progen-
itor galaxies contain a large gas reservoir (amounting
to ∼ 50% of their masses, see Hammer et al. 2009a;
Puech et al. 2009a). This scenario is supported by ob-
servational examples at 0.6 < z < 1 (Hammer et al.
2005; Governato et al. 2009; Hammer et al. 2009b;
Puech et al. 2009b; Yang et al. 2009) and by numeri-
cal and cosmological simulations (see numerous refer-
ences in the introduction by Stewart et al. 2009a). How-
ever, a close inspection to the sufficiently-relaxed obser-
vational examples shows that those cases related with
major mergers are basically S0-S0a galaxies, whereas
those exhibiting lower bulge-to-disk ratios (and thus,
not being ETGs according to our definition) are associ-
ated to minor mergers instead (Eliche-Moral et al. 2006a;
Cassata et al. 2008; Poggianti et al. 2009). Therefore,
the disk rebuilding does not conflict with our main hy-
pothesis at all (see an interesting discussion on the topic
in Oesch et al. 2009).
The model does not consider the effects of mi-
nor mergers. Major mergers drive much more
dramatic structural changes, violent starbursts, and
higher mass increments in a galaxy than minor merg-
ers (Barnes & Hernquist 1991; Bendo & Barnes 2000;
Naab & Burkert 2003; Gonza´lez-Garc´ıa & Balcells 2005;
Eliche-Moral et al. 2006a; Gonza´lez-Garc´ıa et al. 2006;
Bournaud et al. 2007). Even considering that mi-
nor mergers have probably been more numerous than
major mergers (at least, by a factor of ∼ 2,
see e.g., Hetznecker & Burkert 2006; Cox et al. 2008b;
Keel 2008; Stewart et al. 2008, 2009a,b; Jogee et al.
2009; Kaviraj et al. 2009; Naab et al. 2009), observa-
tions indicate that their contribution has been sig-
nificant only in low-mass systems (with M∗/M⊙ <
1010, see Bundy et al. 2009a; Oesch et al. 2009;
Lo´pez-Sanjuan et al. 2010b).
In the model, we have considered the number of
major merger events that are derived at each redshift
from the observational merger fractions obtained by
LSJ09a, computed at z . 1 for galaxies with M(B) <
−20mag through asymmetry methods. LSJ09a esti-
mates have the advantage of being more robust than
others, because they account for the uncertainties due
to errors in redshift determinations and to the inher-
ent loss of morphological information at higher redshifts
(Lo´pez-Sanjuan et al. 2008). The model predictions are
limited by the assumed merger fractions in two aspects:
1) results can only be derived for galaxies brighter than
M(B) = −20mag at all redshifts, and 2) results are
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only reliable where these merger fractions have been com-
puted, i.e., at z . 1. Results at z > 1 are derived using
an extrapolation of LSJ09a major merger fractions at
z < 1, so they must be considered cautiously (see the
comments on the model limitations at z > 1 in Paper I).
As the model evolves the local galaxy populations
backwards-in-time, major mergers occurring at each red-
shift are reversed, in the sense that each ETG coming
from a major merger at a certain redshift is decom-
posed into its two progenitor galaxies at earlier epochs.
As major mergers tend to occur only between very-late
or very-early types (De Propris et al. 2005; Tasca et al.
2009; Zucca et al. 2009), the progenitor galaxies of a ma-
jor merger are assumed to be of Sd-Irr type if it is a
gas-rich progenitor, or an ETG if it is a gas-poor one.
Observationally, the conversion of two merging galax-
ies into a remnant ETG is not instantaneous. So, we
have considered the different phases, timescales, and col-
ors of progenitor galaxies during a major merger, as
stated by observations and N-body simulations for wet,
mixed, and dry mergers (Cox et al. 2008a; Lotz et al.
2008; Darg et al. 2010). The number density of each
merger type have been computed at each redshift us-
ing the relative fractions of wet, mixed, and dry mergers
derived observationally by Lin et al. (2008) at z . 1.2.
For more details, consult Paper I.
3. RESULTS
In Paper I, we showed that the model reproduces the
evolution of the galaxy LFs up to z ∼ 1, simultaneously
for different bands (B, I, K) and selection criteria (on
color, on morphology). The model also proves the feasi-
bility of building up ∼ 50-60% of the present-day mETGs
at z . 1 through the major mergers strictly reported by
observations, in general agreement with mass-downsizing
trends. In the present paper, we analyse in detail how
the model explains the recent buildup of mETGs through
the coordinated action of wet, mixed, and dry mergers
since z ∼ 1.
As indicated above, the model results are valid for
galaxies with M(B) ≤ −20mag at z . 1, the limiting
magnitude imposed by LSJ09a merger fractions. This
magnitude corresponds roughly to M . M∗ galaxies at
z . 1, or to ETGs at z . 1 with massesM∗ > 10
11M⊙
at z = 0 (Cimatti et al. 2006). In order to derive the re-
sults of the present paper, we have considered strictly the
mETGs at each redshift that will have M∗ > 10
11M⊙
at z = 0 from the k-corrected and e-corrected K-band
LFs predicted by the model. The effects of the dust-
extinction and the L-evolution have also been taken into
account. Model uncertainties due to the observational
errors of LSJ09a merger fractions and of the relative frac-
tions of wet, mixed, and dry major mergers derived by
Lin et al. (2008) at each redshift have been considered for
determining the error bars and uncertainty regions plot-
ted in all the figures (see Paper I, for more information
on model uncertainties).
3.1. Number evolution of mETGs since z ∼ 1
Figure 1 represents the predicted evolution of the num-
ber density of mETGs with redshift up to z ∼ 1.2. The
figure shows the fraction of mETGs existing at each red-
shift, with respect to three different quantities: 1) to the
number density of mETGs at the same redshift in a pure
Fig. 1.— Evolution of the number density of mETGs with each
redshift, with respect to the number density of mETGs at the
same redshift in PLE (open diamonds), to the number of mETGs
at z = 1 derived in the model (open squares), and to the present-
day number of mETGs (open triangles). Error bars account for the
observational errors in the used merger fractions and in the relative
percentages of each merger type with redshift. Rest of symbols:
Observational estimates (consult the legend in the figure). Error
bars on top of observational estimates indicate the range reported
by a certain author. [A color version of this plot is available at the
electronic edition.]
luminosity evolution (PLE) model (i.e., in a model identi-
cal to ours, but without major mergers), 2) to the number
density of mETGs at z = 1, as derived by the model, and
3) to the present-day number density of mETGs (open
diamonds, squares, and triangles, respectively). Obvi-
ously, cases 1 and 3 are equivalent, as the number den-
sity of mETGs in a PLE model does not change with
redshift, being constantly equal to the number density
at z = 0.
The number density of mETGs predicted by the model
at z ∼ 1 is ∼ 40(5030)% of its present-day value
4 (diamonds
in the figure). Therefore, ∼ 60(7050)% of the present-day
number density of mETGs has appeared into the cosmic
scenario since z ∼ 1.
We have overplotted the estimates derived at differ-
ent redshifts by several observational studies in the fig-
ure (Fried et al. 2001; Willis et al. 2002; Pozzetti et al.
2003; Bell et al. 2004b; Ferreras et al. 2005; Blanton
2006; Ilbert et al. 2006; Faber et al. 2007; Scarlata et al.
2007a; Cool et al. 2008; Cristo´bal-Hornillos et al. 2009).
The model reproduces the observed evolution of the num-
ber density of mETGs with redshift pretty well up to
z ∼ 1, demonstrating that the numerical appearance of
4 Hereafter, the values in superscript and subscript format refer
to the upper and lower limits of the uncertainty region around the
nominal model prediction, due to the errors in the observational
merger fractions by LSJ09a and in the relative percentages of each
merger type by Lin et al. (2008).
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Fig. 2.— Number of wet, mixed, dry, and all major mergers
occurring at each redshift, per mETG existing at that redshift
(triangles, squares, circles, and diamonds, respectively). The un-
certainty regions (dashed area) and the error bars account for the
observational errors of the used merger fractions and of the as-
sumed relative percentages of each merger type with redshift. [A
color version of this plot is available at the electronic edition.]
∼ 60% of the present-day mETGs can be explained just
considering the major mergers reported by current obser-
vations up to z ∼ 1 (see Paper I). Moreover, the model
predicts naturally that most of this numerical evolution
takes place during the interval of ∼ 1.4Gyr elapsed at
0.7 < z < 1, in agreement with most observations.
This appearance of ∼ 60% of the present number den-
sity of mETGs since z ∼ 1 means that the number den-
sity of mETGs at z = 1 has increased by a factor of
∼ 2.5 in the last ∼ 8Gyr, basically between redshifts
z = 1 and z ∼ 0.7 (empty squares in the figure). How-
ever, this numerical growth of mETGs is frozen at lower
redshifts: since z ∼ 0.7, the number density of mETGs
remains nearly constant, accordingly with observations.
We will show that the model is capable of reproducing
this frostbite just accounting for the decrease of the ma-
jor merger fractions with redshift that observations re-
port (see §3.2). So, the model suggests that major merg-
ing basically drives the evolution of the stellar mass den-
sity since z ∼ 1 in high-mass systems, in agreement with
several authors (Bundy et al. 2005; Arnouts et al. 2007;
de Ravel et al. 2009), although it shows that their effects
have been noticeable at epochs earlier than z ∼ 0.7.
3.2. Relative role of dry, mixed, and wet major mergers
in the buildup of mETGs at z . 1
In Fig. 2, we show the predicted number of wet, mixed,
and dry major mergers occurring at each redshift, per
mETG existing at that redshift (triangles, squares, and
circles, respectively). The predicted number of major
mergers at z ∼ 1 per mETG at this redshift is ∼ 2.1(4.51.2)
(diamonds). Nearly half of these major mergers were wet,
i.e., ∼ 1.2 mETG has appeared through a wet merger
into the cosmic scenario at z ∼ 1 per mETG existing at
that redshift. So, the population of mETGs at z ∼ 1
was being doubled at that redshift just accounting for
wet major mergers. The contribution of mixed and dry
mergers at z ∼ 1 is also significant: the number of mixed
major mergers per mETG at z ∼ 1 is nearly ∼ 0.60(0.900.30),
and ∼ 0.25(0.350.15) for dry events. This means that nearly
all mETGs at z ∼ 1 (∼ 85%) have taken part as gas-poor
progenitors in a major merger at 0.9 < z < 1.
The number of major mergers per mETG at each red-
shift decreases quickly to lower redshifts, being the ef-
fects of all merger types completely negligible at z . 0.7,
compared to the population of mETGs at those redshifts.
Then, although the model poses that major mergers must
have driven the appearance of ∼ 60% of the present-day
number density of mETGs into the cosmic scenario at
0.7 < z < 1, it also indicates that their contribution
to it has been insignificant during the last ∼ 6.3Gyr in
general (this is why the number density of mETGs has
remained nearly constant since z ∼ 0.7, see §3.1).
In the upper panel of Fig. 3, we have plotted the pre-
dicted net numerical growth of mETGs driven by each
merger type (wet, mixed, and dry) at each redshift, per
mETG existing at that redshift. This net numerical
growth indicates the net number of mETGs that are ap-
pearing/disappearing into the cosmic scenario through
each merger type. Notice that, besides the galaxy trans-
fers across mass bins due to the SF or to the mass increase
due to mergers, the effect of a wet merger on the number
density of mETGs is the appearance of a ”brand-new”
mETG in the Universe, whereas dry mergers imply the
net decrease of this number in one mETG. Mixed merg-
ers are going to imply a nearly null numerical growth of
mETGs in the model, as one ETG merges with a gas-rich
galaxy to generate another, more massive ETG. Account-
ing for this, we have also overplotted the net numerical
growth of mETGs driven by the combined effects of all
major mergers at each redshift (diamonds in the figure).
We corroborate again that the role of major mergers
has been relevant at 0.7 < z < 1: only at z ∼ 1, ma-
jor mergers are responsible of creating one new mETG
per mETG already existing at that redshift. Most of
this growth is driven by wet mergers, but the effects of
dry mergers are extremely relevant, as the net numerical
growth of mETGs at z ∼ 1 would be higher by more than
∼ 25% of its actual value if dry mergers did not exist.
In the lower panel of Fig. 3, we show the same as in
the upper panel, but accumulated since a given redshift
down to z = 0. The model predicts that major mergers
have built up ∼ 1.6(2.31.2) new ETGs per mETG existing
at z ∼ 1 in the last ∼ 8Gyr (diamonds), i.e., the number
density of mETGs at z ∼ 1 has increased by a factor of
∼ 2.5 since then through major mergers (in agreement
with the result stated at §3.1). The major driver of this
growth are wet major mergers, which could have created
∼ 2.3(2.91.7) mETGs per mETG already existing at z ∼
1 since that epoch (triangles). However, dry mergers
have been responsible of removing ∼ 0.6(0.90.3) mETGs per
mETG already existing at z ∼ 1 at the same time (circles
in the figure).
As indicated above, the bulk of mETG assembly
through major mergers is occurring at z > 0.7. At lower
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Fig. 3.— Predicted numerical growth of mETGs driven by each
type of major merger at each redshift (upper panel), and accumu-
lated since that redshift down to z = 0 (lower panel), per mETG
existing at that redshift (triangles, squares, and circles for wet,
mixed, and dry major mergers, respectively). Diamonds: Net nu-
merical growth of mETGs driven by the coordinated action of all
major mergers. [A color version of this plot is available at the
electronic edition.]
redshifts, the decrease of the major merger fractions that
observations report is enough to explain the observed
”frostbite” in the generation of mETGs at z < 0.7 (in
terms of net numerical growth). Note that the effect of a
higher relative relevance of dry and mixed mergers than
of wet mergers at z < 0.8 (Lin et al. 2008) is secondary
and negligible in driving this frostbite. In fact, even if
all the major mergers at z < 0.7 were wet, they would
still imprint a negligible change to the existing number
density of mETGs (see Fig. 3).
Moreover, the model predicts specifically that dry ma-
jor mergers are irrelevant as compared to the population
of mETGs existing at z < 0.7 (circles in the lower panel
of Fig. 3). This prediction agrees with studies supporting
evidence against a large contribution of dry mergers to
the formation of massive spheroidal galaxies at z < 0.4
(Masjedi et al. 2006; Scarlata et al. 2007b). In fact, if
dry major mergers were determinant at z < 0.7 for the
buildup of ETGs with M∗/M⊙ > 10
11, observations
should detect a significant decrease in their number den-
Fig. 4.— Predicted average number of wet, mixed, dry, and all
major merger events per present-day L > L∗ galaxy occurred at
each redshift bin [z− 0.1, z], for z . 1.2. Open diamonds: All ma-
jor mergers. Open triangles: Wet mergers. Open squares: Mixed
mergers. Open circles: Dry mergers. Remaining symbols: Obser-
vational estimates derived by different studies (consult the legend
in the figure). [A color version of this plot is available at the elec-
tronic edition.]
sity at z < 0.6 that is not observed (see Fig. 1).
3.3. Comparison with observations
3.3.1. Number of major mergers per local L > L∗ galaxy
In this section, we compare the predictions of our
model with several estimates derived from observational
and theoretical studies. Figure 4 shows the predicted av-
erage number of major merger events occurred per lo-
cal L & L∗ galaxy at each redshift, for wet, mixed,
dry, and all major mergers, at each redshift bin [z −
0.1, z]. Several estimates from observations and sim-
ulation studies have been overplotted for comparison
(Baugh et al. 1996; Bell et al. 2006a; Bundy et al. 2009a;
de Ravel et al. 2009; Shi et al. 2009; Villar et al. 2008,
2010 in preparation). Note that special care must be
taken if this figure is interpreted as the number of major
mergers undergone per local galaxy, as not all types of
local galaxies are susceptible of deriving from a major
merger (see §2.2).
From this figure, we can derive that the amount of
galaxies involved in a major merger at z ∼ 1 is equiva-
lent to ∼ 35(5520)% of the present-day number of L & L
∗
galaxies (empty diamonds). Nearly 5% correspond to
dry mergers (empty circles), ∼ 10% to mixed mergers
(empty squares), and ∼ 20% to wet mergers (empty tri-
angles). These percentages can vary by less than ∼ 15%
of their values due to observational errors. The number
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Fig. 5.— Predicted average number of wet, mixed, dry, and all
major merger events per present-day L > L∗ galaxy occurred since
each redshift z down to the present, for z . 1.2. Open diamonds:
All major mergers. Open triangles: Wet mergers. Open squares:
Mixed mergers. Open circles: Dry mergers. Remaining symbols:
Observational estimates derived by different studies (consult the
legend in the figure). [A color version of this plot is available at
the electronic edition.]
of mergers undergone at each redshift is predicted to de-
crease quickly for all merger types between z ∼ 1.0 and
z ∼ 0.7, becoming nearly negligible at lower redshifts as
compared to the local population of L > L∗ galaxies.
The model provides a good match to the number
of mergers per present-day L > L∗ galaxy derived at
z ∼ 1.2 from luminous infrared galaxies by Shi et al.
(2009). Moreover, our prediction of the number of wet
mergers at z ∼ 0.8 per local L > L∗ galaxy coincides
pretty well with the number of Hα-emitting galaxies un-
dergoing a merger at z ∼ 0.84, most of which are likely
undergoing a gas-rich merger (see Villar et al. 2008, 2010
in preparation). However, the model predicts a lower
number of dry mergers than the studies by Bell et al.
(2006a) at z ∼ 0.6 and Bundy et al. (2009a) at z ∼ 1. Al-
though not directly comparable with our predictions, the
observational estimates for L > 0.2L∗ galaxies obtained
by de Ravel et al. (2009) have also been overplotted, in
order to remark the strong dependence that merger frac-
tions exhibit on the galaxy mass (for more information,
see Bundy et al. 2009a; Lo´pez-Sanjuan et al. 2009a).
In Fig. 5, we compare the predicted number of ma-
jor mergers of each type occurred since each redshift
down to the present per local L > L∗ galaxy with sev-
eral observational and theoretical estimates (Roche et al.
1999; Le Fe`vre et al. 2000; Lin et al. 2004, 2008;
Xu et al. 2004; Bell et al. 2006a; De Propris et al. 2007;
Drory & Alvarez 2008; Hsieh et al. 2008; Rawat et al.
2008; Ryan et al. 2008; Conselice et al. 2009; Jogee et al.
2009, LSJ09c). The number of major mergers occurred
since z ∼ 1 amounts to ∼ 65(11040 )% of the present num-
ber of L > L∗ galaxies. According to the model, there
have been ∼ 0.35 wet major mergers, ∼ 0.2 mixed merg-
ers, and only ∼ 0.1 dry mergers per local L > L∗ galaxy.
The errors in the observational relative percentages of
each merger type affects negligibly to the previous esti-
mates (see the error bars in the figure).
The model predictions are in excellent agreement
with observational estimates at different redshifts up
to z ∼ 1.2 (Roche et al. 1999; De Propris et al. 2007;
Drory & Alvarez 2008; Hsieh et al. 2008; Rawat et al.
2008; Ryan et al. 2008; Conselice et al. 2009; Jogee et al.
2009, LSJ09c). Moreover, the prediction for specifically
wet mergers at z ∼ 1 coincides pretty well with the es-
timate by LSJ09c from the GOYA Survey (Abreu et al.
2007). Only observational estimates derived from close
pair companions or two-point correlation functions differ
noticeably from the model predictions (see data points
by Bell et al. 2006a; Lin et al. 2004, 2008, in the figure).
It should be noticed also that the observational estimates
by themselves are posing a negligible contribution of ma-
jor mergers at z < 0.7 (see data points in the figure). So,
our model demonstrates that the frostbite of the gener-
ation of new mETGs since z ∼ 0.7 can be explained just
accounting for the observational decrease of the major
merger fraction registered since z ∼ 1 to the present.
3.3.2. Number of major mergers per local mETG
Figure 6 is similar to Figs. 4-5, but refers the number of
major merger events (wet, mixed, dry, and total) now to
the present-day number of mETGs. The upper panel of
the figure shows the predicted number of major mergers
occurred at each redshift bin [z − 0.1, z], per local
mETG. Observational and theoretical estimates of the
number of dry major mergers undergone per present-day
mETG at different redshifts have been overplotted for
comparison in this panel (Baugh et al. 1996; Bell et al.
2006b; De Propris et al. 2007; White et al. 2007;
Masjedi et al. 2008; Wake et al. 2008; de Ravel et al.
2009; Khochfar & Silk 2009; Wen et al. 2009). The
agreement between the model predictions and observa-
tions and estimates of hierarchical models is quite good
at z . 1.
According to our model, the number of major mergers
per present-day mETG at z = 1 was ∼ 0.85(1.500.50) (dia-
monds in the upper panel of the figure). This fraction
decreases quickly, being . 10% at z < 0.7. At z ∼ 1,
nearly 0.55 major mergers per local mETG corresponds
to wet events (empty triangles), while the rest of merg-
ers involve a gas-poor galaxy (∼ 0.23 are mixed –empty
squares–, and ∼ 0.07 are dry –empty circles). These
fractions decay strongly at lower redshifts.
The bottom panel of Figure 6 represents the accu-
mulated number of major mergers of each type oc-
curred since each redshift z to the present, per present-
day mETG. Different observational estimates have
been overplotted for comparison again (van Dokkum
2005; Bell et al. 2006b; White et al. 2007; Hopkins et al.
2008a; Lin et al. 2008, 2010; Bundy et al. 2009a;
Wen et al. 2009). The predictions are in good general
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Fig. 6.— Predicted average number of wet, mixed, dry, and all
major merger events per present-day mETG occurred at each red-
shift bin [z− 0.1, z] (top panel), and accumulated between redshift
z and z = 0 (bottom panel), up to z ∼ 1.2. Open diamonds:
All major mergers. Open triangles: Wet mergers. Open squares:
Mixed mergers. Open circles: Dry mergers. Remaining sym-
bols: Observational estimates derived by different studies (consult
the legend in the figure). The original observational estimates by
Lin et al. (2010) and Bell et al. (2006b) in the lower panel assume
that the merger rate is constant with redshift. Accounting for the
real redshift-dependence of merger fractions, both estimates agree
pretty well with our model predictions and with the remaining ob-
servational values (consult the legend). The plotted estimate from
the Hopkins et al. (2008a) model corresponds to ETGs with local
masses log(M∗/M⊙) ∼ 11. [A color version of this plot is avail-
able at the electronic edition.]
agreement with most of the consulted observational esti-
mates, particularly with respect to dry mergers (see the
figure). So, we can conclude that the model predicts a
realistic number of wet, mixed, and dry major mergers
per local L & L∗ galaxy and per local mETG at different
redshifts at z . 1.2.
According to the model, there have been ∼ 1.8(2.61.2)
major mergers since z ∼ 1 per local mETG (diamonds in
the lower panel of the figure). Approximately 1 of these
∼ 2 mergers takes place during a period of ∼ 0.5Gyr
elapsed at 0.9 < z < 1, while the other one basically
occurs during the period of ∼ 1Gyr elapsed at 0.7 <
z < 0.9. Of these ∼ 2 mergers, ∼ 0.35 correspond to
dry mergers (empty circles) and ∼ 0.6 to mixed mergers
(empty squares). This means that ∼ 0.95 of the ∼ 2
major mergers occurred in the last ∼ 8Gyr per local
mETG was a gas-poor event, being the another one a wet
merger (empty triangles). This implies that ∼ 95% of
local mETGs have experienced a gas-poor event since z ∼
1, meaning that most of local mETGs derive from at least
another ETG which has undergone a major merger in the
last ∼ 8Gyr. The remaining local mETGs not involved
in any gas-poor merger since z ∼ 1 (∼ 5%) could have
been in place since z ∼ 1 or not, in the case that they
have been assembled through a wet merger. Therefore,
the model indicates that the fraction of local mETGs
that have not experienced any major merger since z ∼ 1
is negligible (. 5%, see §§3.4-3.5 for more information).
At the most, ∼ 35% of local mETGs have been in-
volved in a dry major merger during the last ∼ 8Gyr.
This prediction is an upper limit because ETGs involved
in gas-poor mergers could have undergone more than one
major merger during their lifetimes (see §3.5). This pre-
diction is significantly lower than the one derived by the
Khochfar & Burkert (2003) model5, as they report that
∼ 50% of local mETGs may have experienced dry merg-
ers in their recent lifetimes.
Figure 6 poses that wet major mergers must have built
up ∼ 1 mETG per local mETG since z ∼ 1, stressing
the relevant role played by gas-rich mergers in the recent
building up of mETGs. This implies that, just consider-
ing the effects of wet mergers and the model assumption
that each major merger gives place to an ETG, no local
mETG should be in place at z ∼ 1 (all of them should
be decomposed into their gas-rich progenitors by that
epoch). Nevertheless, the model derives that the num-
ber density of mETGs at z ∼ 1 was already ∼ 40% of the
local one, as it is observed. Then, how does the model
derive such a high number of mETGs at z ∼ 1? The key
point to answer this question is to account for the effects
of dry and mixed mergers too (see §3.4).
3.4. The key role of gas-poor major mergers at
0.7 < z < 1
In §3.3, we have shown that nearly 35% of present-day
mETGs could have experienced a dry major merger since
z ∼ 1 (circles in the bottom panel of Fig. 6), and ∼ 60%
a mixed merger (see squares in the same panel). Only
accounting for the progenitor ETGs of the present-day
mETGs involved in the mixed and dry major mergers
occurred since that epoch, the mETG population at z ∼
1 should be∼ 130% of the present-day mETG population
(∼ 35%×2 + 60%). Adding the number of mETGs not
involved in a gas-poor merger since then (∼ 5% of local
mETGs, see §3.3), the mETG population at z ∼ 1 should
be ∼ 135% of the present-day one. Additionally, ∼ 95%
of present-day mETGs have derived from a wet major
merger since z ∼ 1 (triangles in the bottom panel of the
figure). This means that the amount of mETGs at z ∼ 1
must be reduced in ∼ 95% of the local number density of
mETGs, because the mETGs coming from a wet merger
5 Their definition of ”elliptical galaxy” is roughly equivalent to
our definition of ETG, although they select M(B) < −18 galaxies,
instead of M(B) < −20 galaxies, as in our case.
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Fig. 7.— Predicted fractional buildup of the present-day num-
ber density of mETGs through major mergers of each type at
each redshift (upper panel), and accumulated since each redshift
down to z = 0 (lower panel). Symbols: Fractional increment of
the number density of mETGs driven by wet (triangles), mixed
(squares), and dry (circles) major mergers. Empty diamonds:
Net numerical growth of mETGs driven by the coordinated action
of all major mergers. Star : Fraction of local mETGs exhibiting
tidal distortions indicative of a recent major merger, as derived by
van Dokkum (2005). [A color version of this plot is available at
the electronic edition.]
at z . 1 must be decomposed into their two gas-rich
progenitors at z & 1. Therefore, the mETG population
at z ∼ 1 is approximately equal to ∼ 135%−95%∼ 40%
of the local mETG population, as the model predicts.
This answers the question stated at the end of §3.3.
The interplay between wet, mixed, and dry mergers
in the buildup of mETGs at z . 1 is shown in Fig. 7.
In the upper panel of this figure, we have plotted the
predicted fractional buildup of the present-day number
density of mETGs driven by the major mergers of each
type at each redshift. The net fractional increment in
the number density of mETGs at each redshift is marked
with diamonds in the figure. The figure indicates that the
major mergers reported by observations are enough to
drive the appearance of∼ 30% of the present-day number
density of mETGs at 0.9 < z < 1, an additional ∼ 20%
at 0.8 < z < 0.9, and finally, ∼ 10% at 0.7 < z < 0.8.
The previous fractions already consider the mETGs that
Fig. 8.— Predicted fraction of mETGs that undergo at least one
gas-poor major merger (dry or mixed) between each redshift z and
the present, with respect to the local number of mETGs (squares),
and to the number of mETGs that exists at z (triangles). Star :
Fraction of local mETGs that have undergone a gas-poor major
merger in their recent past, as derived by van Dokkum (2005).
This observational estimate coincides pretty well with the model
prediction of the local number of mETGs that can have undergone
a gas-poor major merger in the last ∼ 8Gyr. [A color version of
this plot is available at the electronic edition.]
are disappearing at each redshift due to dry mergers:
numbers of mETGs equivalent to ∼ 15%, ∼ 10%, and
∼ 5% of the local mETGs population are being removed
from the Universe through dry major mergers at 0.9 <
z < 1, 0.8 < z < 0.9, and 0.7 < z < 0.8, respectively
(circles in the figure).
In the lower panel of Fig. 7, we have represented the
accumulated numerical increment of the number den-
sity of mETGs driven by major mergers of each type,
since each redshift down to the present. The net growth
in the number density of mETGs driven by all major
mergers is also plotted in the figure (diamonds). The
figure poses that the interplay between the generation
of ”brand-new” mETGs through wet mergers, the re-
moval of already-existing mETGs through dry mergers,
and the conversion of existing mETG into more massive
ones through dry and mixed mergers reproduces the in-
crement of the number density of mETGs observed since
z ∼ 1 (∼ 60(7050)% of their local value, see §3.1).
In Fig. 8, we represent the number of mETGs of each
redshift that experience at least one gas-poor major
merger (mixed or dry) from that redshift down to the
present, according to the model. This number is provided
with respect to the local number of mETGs (squares),
and to the number of mETGs existing at that redshift
(triangles). Notice that this quantity is a lower limit to
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the number of mETGs at each redshift that are going to
take part as gas-poor progenitors in at least one gas-poor
major merger since that redshift to the present. This
means that at least ∼ 87(11067 )% of the mETGs existing
at z ∼ 1 are going to be involved as gas-poor progeni-
tors in the major mergers occurred since z ∼ 1 (trian-
gles in the figure). Equivalently, we can derive that at
least∼ 35(5515)% of local mETGs have acquired more than
∼ 1/3 of its final mass through at least one gas-poor ma-
jor merger in the last ∼ 8Gyr (squares in the figure).
Therefore, the model shows that . 13% of the mETGs
existing at z ∼ 1 can have evolved without undergoing
a major merger since then, or equivalently, that . 5%
of present-day mETGs can have evolved passively since
z ∼ 1 down to the present in reality.
3.5. Present-day mETGs really in place since z ∼ 1
A galaxy ”is in place” since a certain redshift basically
if: 1) it has not received any significant external mass
contribution since that redshift, 2) if its global structure
has not changed dramatically since then, and 3) if its
mass has increased negligibly through its SFH since that
redshift. In the model context, a mETG is going to be in
place since a given redshift basically if it does not expe-
rience any major merger since then down to the present,
as ETGs exhibit so low SFRs at z < 1 that we can con-
sider the third condition fulfilled by them during the last
∼ 8Gyr.
We have seen that the model predicts that ∼ 87(11067 )%
of the mETGs located at z ∼ 1 are going to be the gas-
poor progenitors in at least one major merger during the
last ∼ 8Gyr (see §3.4). The remaining mETGs existing
at z ∼ 1 (∼ 13%) do not experience major mergers since
then, meaning that they must have been in place since
then. Having into account that the number density of
mETGs at z ∼ 1 is ∼ 40% of the local one (§3.1), the
mETG population in place since z ∼ 1 represents . 5%
of the local mETG population. Therefore, the fraction of
present-day mETGs that have been in place since z ∼ 1 is
negligible, as derived from current observational merger
fractions. Two questions arise then: first, what the red-
shifts of final assembly of present-day mETGs are, and
secondly, how many present-day mETGs are really in
place at each redshift since z ∼ 1.
In the upper panel of Fig. 9, we show the predicted frac-
tions of local mETGs that are really in place since each
redshift and that are still being assembled at each red-
shift, according to the model (filled stars and pentagons,
respectively). As shown in §3.1, the model reproduces
the observational fact that the number density of mETGs
at z ∼ 1 is ∼ 40(5030)% of the present-day one (empty tri-
angles in Fig. 9), but it also poses that the real number of
local mETGs that have been in place since z ∼ 1 is much
lower, of . 5% (filled stars in the same figure). The ma-
jority of mETGs located at z ∼ 1 have played the role of
gas-poor progenitor in any of the gas-poor major merg-
ers occurred during the last ∼ 8Gyr (compare the empty
squares and the empty triangles at z ∼ 1). Therefore,
the model predicts that nearly all present-day mETGs
are being assembled at z ∼ 1, that more than a half of
them are ongoing their assembly at 0.8 < z < 0.9, and
that ∼ 20% of them are still accreting mass through ma-
jor mergers at 0.7 < z < 0.8 (pentagons). At z ∼ 0.65,
nearly all mETGs are completely-assembled and in place
Fig. 9.— Panel a): Fraction of local mETGs in place since each
redshift z down to the present. Empty triangles: Number density
of mETGs predicted by the model at each redshift, referred to their
present-day value (see Fig. 1). Empty squares: Fraction of mETGs
at each redshift that undergo at least one gas-poor major merger
(mixed or dry) since that redshift down to the present (see also
Fig. 8). Filled stars: Fraction of local mETGs that are really in
place since each redshift to the present. Filled pentagons: Fraction
of present-day mETGs being assembled at each redshift. The errors
of this distribution at each redshift are identical to those plotted
on top of the distribution of filled stars. Thick arrows: Redshifts
of final assembly of 50% and 80% of present-day mETGs (filled
and open arrows, respectively), according to our model. Thin
arrows: Redshifts at which 50% and 80% of the star content of
present-day mETGs are enclosed into one single object according
to De Lucia et al. (2006) model (filled and open arrows, respec-
tively). Panel b): Number of gas-poor major mergers undergone
at each redshift per mETG existing at that redshift. Panel c): Av-
erage number of major mergers undergone by each mETG existing
at each redshift since that redshift down to the present. Trian-
gles: Predictions by Hopkins et al. (2008a) model on the number
of gas-poor major mergers undergone per present-day ETG with
present-day stellar masses log(M∗/M⊙) = 11, 11.5, and 12. [A
color version of this plot is available at the electronic edition.]
in the Universe. In the last ∼ 5Gyr since z ∼ 0.5, the
model predicts that the numerical growth of the mETGs
through the major mergers reported by present observa-
tions is < 2% of its present value.
The model shows that the mETGs at z ∼ 1 are not
just the past, brighter counterparts of some present-day
mETGs (passively-faded since then), but their gas-poor
progenitors. Therefore, very few present-day mETGs
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have been really in place since z ∼ 1 (. 5%), considering
the major merger fractions reported by current observa-
tions.
The middle panel of the figure shows the number of
gas-poor mergers undergone at each redshift per mETG
located at that redshift. Nearly all mETGs existing at
z ∼ 1 are involved in a major merger only during the
∼ 0.4Gyr time-period spanning at 0.9 < z < 1.
In the lower panel of Fig. 9, we represent the aver-
age number of major mergers undergone since a cer-
tain redshift to the present per each mETG existing at
that redshift. Each mETG existing at z ∼ 1 under-
goes an average of ∼ 1.4 major mergers since z ∼ 1,
basically during the period elapsed at 0.7 < z < 1, in
excellent agreement with the predictions of the model
by Hopkins et al. (2008a) for log(M∗/M⊙) = 11 galax-
ies. Referring this estimate to the number density of
present-day L > L∗ galaxies, we would derive that each
present-day bright galaxy has experienced . 0.28 gas-
poor major mergers since z ∼ 1. So, the model can
explain the low observational probability of galaxies in
general of having experienced more than one gas-poor
merger (Masjedi et al. 2006), as well as the high prob-
ability exhibited by mETGs of having experienced one
dry merger since z ∼ 1 (see van Dokkum 2005).
4. DISCUSSION
4.1. Reconciling the hierarchical scenario for the origin
of mETGs with observations
The model demonstrates the feasibility of the mixed
scenario proposed by Faber et al. (2007), proving that
the coordinated effects of wet, mixed, and dry major
mergers since z ∼ 1 are enough to explain the increase in
the number density of mETGs (by a factor of ∼ 2.5) ob-
served since that epoch (Bundy et al. 2009a; Wild et al.
2009b). Basically, we have seen that wet major merg-
ers must have played the dominant role in this buildup
(in agreement with Lin et al. 2008; de Ravel et al. 2009;
Stewart et al. 2009b; Wild et al. 2009b,a), although the
contribution of dry and mixed mergers has been essential
in order to reproduce it (Bundy et al. 2009a).
Moreover, the model shows that the merger frac-
tions reported by observations imply directly that
most of this recent assembly has occurred basically
during the ∼ 1.4Gyr time-period elapsed at 0.7 <
z < 1, as pointed by several observational studies
(Le Fe`vre et al. 2000; Conselice 2009; Ilbert et al. 2010).
Since z ∼ 0.7, the contribution of major mergers in
general (and of dry major mergers, in particular) to
this assembly has been negligible. This explains why
the number density of mETGs has remained nearly
constant during the last ∼ 6.3Gyr (Blanton 2006;
Ilbert et al. 2006; Masjedi et al. 2006; De Propris et al.
2007; Scarlata et al. 2007b; Xu et al. 2007; Roche et al.
2009b; De Propris et al. 2010; Tojeiro & Percival 2010).
However, other studies report a relevant role of ma-
jor mergers in the buildup of mETGs at low redshift.
van Dokkum (2005) derives that, if the ongoing mergers
of local mETGs are representative for the progenitors of
the remnants, ∼ 35% of mETGs at z ∼ 0.1 have experi-
enced a major merger in their recent past (usually with
another gas-poor galaxy). We have overplotted his esti-
mate in Fig. 8. It coincides pretty well with our predicted
fraction of local mETGs that have experienced at least
one gas-poor major merger since z ∼ 1. So, the result by
van Dokkum could be compatible with ours if the tidal
debris generated by the last gas-poor major merger expe-
rienced by a mETG remained ”fossilized” during ∼ 4-5
Gyrs around it. However, this seems not to be the case,
as this timescale is estimated to be twice smaller (∼ 1-
2Gyr, see Feldmann et al. 2008; Sa´nchez-Bla´zquez et al.
2009). It is also possible that both results can not be di-
rectly compared, as van Dokkum’s sample is somewhat
different to ours and his method is also sensitive to merg-
ers of mass-ratios lower than 1 : 3. Nevertheless, his es-
timate on the fraction of tidally disturbed local mETGs
agrees with our predicted fraction of local mETGs ap-
peared into the cosmic scenario since z ∼ 1 (see Fig. 7).
Although the unreal high merger rates traditionally
predicted by ΛCDM models have frequently been
put forward against the hierarchical scenario, im-
provements in the definitions of the merging rates
of halos and of the sub-baryonic clumps that re-
side within them are deriving theoretical major
merger rates promisingly similar to observational es-
timates (Berrier et al. 2006; De Propris et al. 2007;
Scarlata et al. 2007b; Genel et al. 2008; Hopkins et al.
2008b,a; Stewart et al. 2008, 2009a; Bertone & Conselice
2009; Genel et al. 2009; Benson & Devereux 2009;
Brown & the Bootes Field Collaborations 2010;
Skibba et al. 2010). We have represented in Figs. 4,
5, 6, and panel c) of Fig. 9 the predictions of several
hierarchical models in the cold dark matter paradigm
(Baugh et al. 1996; Bell et al. 2006b; Drory & Alvarez
2008; Hopkins et al. 2008a; Khochfar & Silk 2009). As
shown in the figures, the hierarchical model predictions
at different redshifts and for different merger types agree
pretty well with our results, which assume observational
major merger fractions. All these results indicate that
the hierarchical framework for the origin of mETGs and
observations may be surprisingly compatible afterwards.
4.2. Different mechanisms to generate disky/boxy
ellipticals and lenticulars
Explaining the difference between the formation of
ellipticals (E’s) and lenticular galaxies (S0-S0a’s) is a
new challenge for models of early-type galaxy formation
(Banerji et al. 2010). Oesch et al. (2009) conclude that
both galaxy types most likely have a different origin, as
about 60-70% of the observed transformations from late-
type galaxies to ETGs must result in disky S0-S0a sys-
tems, being the remaining cases disk-less E’s. Our model
indicates that the mechanisms that have built up nearly
all present-day mETGs (E’s or S0-S0a’s) since z ∼ 1
have been the same (major mergers), but it also estab-
lishes naturally the possible mechanism that differences
the generation of an E from that of a S0-S0a. This is the
type of the last major merger that assembled the ETG
in question.
Those mETGs deriving exclusively from a gas-
rich merger probably had enough gas and angular
momentum in their environments to rebuild a disk
around the spheroidal remnant, ending as S0-S0a’s (see
Hammer et al. 2005; Stewart et al. 2008; Bundy et al.
2009b, and §2.3.1 in Paper I). However, if an already-
formed ETG becomes the gas-poor progenitor of another
major merger, the probability of rebuilding a disk in this
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case is much lower, because at least one of the progenitors
is an already gas-depleted galaxy. So, the resulting ETG
in dry or mixed mergers will probably resemble more an
E than a S0-S0a.
In §3.3.2, we have derived that all local mETG are
susceptible of deriving from one wet major merger since
z ∼ 1. However, only ∼ 35% of them have really taken
part in a major merger as gas-poor progenitors during
the last ∼ 8Gyr, after their first appearance as ETGs
into the cosmic scenario (§3.4). Therefore, only these
∼ 35% of present-day mETGs will exhibit finally an el-
liptical morphology, while the remaining local mETGs
(∼ 65%) derive exclusively from a wet major merger,
and thus, they have preserved a disk until the present
(ending up as S0-S0a’s). These percentages reproduce
the present-day relative fractions of E’s and S0-S0a’s
indicated by Oesch et al., and support the results by
van Dokkum (2005), who concludes that the majority of
today’s most luminous field ellipticals have been recently
built up through gas-poor, major mergers.
This scenario also provides a feasible explanation to
two recent results derived from the physical properties
of local bright ellipticals: 1) the fact that these proper-
ties point preferentially to a last gas-poor major merger
(Khochfar & Burkert 2003; Roche et al. 2009a), and 2)
to the fact that their central physical characteristics
favour a formation scenario in which both dissipational
and dissipationless processes must have played a role (as
occurs in our scenario, see Lackner & Ostriker 2010). It
can also explain the presence of small amounts of young
stars and of nuclear dust in ETGs (van Dokkum & Franx
1995; Ferreras & Silk 2000; Kaviraj et al. 2007b), as well
as the fact that SF-downsizing appears to be acceler-
ated in overdense regions hosting higher numbers of
massive ETGs, as compared to the underdense regions
(Bundy et al. 2006; Ferreras et al. 2006). Evidence of the
preferential transformation of spirals into S0’s through
major mergers instead of through galaxy-environment
processes has been also reported in clusters at 0.1 < z <
0.8 (Just et al. 2010), in agreement with our scenario.
Moreover, this formation mechanism for E’s and S0-S0a’s
is also supported by simulations, that show that a major
spiral-spiral remnant exhibits morphological and kine-
matical properties which resemble those of intermediate-
mass S0-S0a’s (Naab & Burkert 2003; Robertson et al.
2006; Emsellem et al. 2007), whereas the E’s fit better
as remnants of dry major mergers (Naab et al. 2006).
We have seen that there have been ∼ 0.95 gas-poor
major mergers per present-day mETG since z ∼ 1,
of which ∼ 1/3 correspond to dry events, being the
remaining ∼ 2/3 associated to mixed events (§3.3.2).
These fractions are quite similar to the relative per-
centages of slow-rotating, boxy ellipticals (with cusped-
central profiles) and of rapid-rotating, disky ellipticals
(with cored-central profiles) found at the present with
11 < log(M∗/M⊙) < 11.5 (see Bender et al. 1992, 1993;
Lauer et al. 2007; Pasquali et al. 2007). So, it is possible
that the dichotomy observed in the properties of z = 0
ellipticals is determined by the gas-content of the last
gas-poor major merger that assembles a present-day el-
liptical. If it is a mixed event, the final mETG will be
a rapid-rotating, disky elliptical, whereas if the event is
dry, the final mETG will be a slow-rotating, boxy ellip-
tical. This scenario is quite similar to that proposed by
Hopkins et al. (2008a).
Notice that the model can also explain why basically
all present-day quiescent galaxies with M∗ & 10
11M⊙
are essentially spheroidal (van der Wel et al. 2009), as it
predicts that nearly all local mETGs have been built up
through at least one (wet) major merger in the last ∼
8Gyr, a process that inevitably results in big spheroids.
Obviously, the model does not exclude the contribu-
tion of other mechanisms to the formation of S0-S0a’s,
such as the effects of the intracluster medium on the
infallen star-forming galaxies or the minor mergers
(see Arago´n-Salamanca et al. 2006; Eliche-Moral et al.
2006a; Cassata et al. 2008; Poggianti et al. 2009;
Geach et al. 2009; Kaviraj et al. 2009; Temi et al.
2009; Wolf et al. 2009; Lo´pez-Sanjuan et al. 2010a).
However, observations indicate that their role has
been more significant in galaxies of lower masses (i.e.,
for log(M∗/M⊙) < 11 systems, see Xu et al. 2004;
Bundy et al. 2009a; Domingue et al. 2009).
4.3. Redshift of complete assembly of mETGs
As commented in §1, hierarchical models predict that
mETGs have been the latest systems to complete their
assembly in the Universe. Therefore, the knowledge
of the redshift at which these systems are ”in place”
in the cosmic scenario is essential to refute or support
the hierarchical paradigm of galaxy formation (see, e.g.,
Caputi et al. 2006; Scarlata et al. 2007b,a; Oesch et al.
2009; Ilbert et al. 2010; Pozzetti et al. 2009).
In this sense, the observational phenomenon of
galaxy mass-downsizing (Glazebrook et al. 2004;
Pe´rez-Gonza´lez et al. 2005, 2008b; Walcher et al. 2008)
has been usually interpreted incorrectly as an obstacle
to hierarchical theories. First, because the model
is capable of reproducing the observed evolution of
the massive-end of the galaxy LFs up to z ∼ 1 just
accounting for the effects of the observed major mergers,
in general agreement with mass-downsizing trends (as
shown in Paper I). And secondly, because the model
shows that the classical interpretation consisting on that
the mETGs existing at a given redshift ”have been in
place since then” is completely wrong, as most of the
mETGs existing at z ∼ 1 are predicted to have been
the gas-poor progenitors of the mixed and dry major
mergers that have assembled present-day mETGs during
the last 8Gyr (§§3.4-3.5).
The model predicts that the present-day population of
mETGs has not been finished their assembly at least un-
til z ∼ 0.6 (see panel a of Fig. 9). This result agrees
with the evolution of the galaxy mass functions re-
ported by Pe´rez-Gonza´lez et al. (2008b). Accounting for
the time it takes for a post-merger galaxy to migrate
from the blue cloud to the red sequence (∼ 0.5-1Gyr,
see Heckman et al. 1999; Emonts et al. 2006; Cox et al.
2004; Kaviraj et al. 2007a; Cox et al. 2008a; Lotz et al.
2008), the previous assembly redshift moves to lower red-
shifts. Accounting for this, the model predicts that the
whole present population of mETGs must be completely
relaxed at z ∼ 0.5, a result that is in excellent agree-
ment with the predictions of several hierarchical models
(De Lucia & Blaizot 2007; Oesch et al. 2009) and with
the assembly redshifts derived from studies of the stellar
populations of the brightest cluster ellipticals (Leitherer
2000; McIntosh et al. 2008; Tran et al. 2008).
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It is worth noting that, making a ”traditional” in-
terpretation of the model results, we would derive that
present-day mETGs have already assembled half of their
stellar masses at z ∼ 1 (see triangles in Fig. 9), in agree-
ment with observations supporting mass-downsizing (see
Fig. 6 by Pe´rez-Gonza´lez et al. 2008b). However, attend-
ing to when half of the present-day population of mETGs
are really in place (i.e., not experiencing any other major
merger down to z = 0), we would derive that this epoch
occurs ∼ 0.7Gyr later, at z ∼ 0.85 (see stars in Fig. 9).
Considering an additional post-merger period for galaxy
relaxation of ∼ 0.5-1Gyr as commented above, the as-
sembly redshift for half of present-day mETGs derived by
our model is predicted to occur ∼ 2Gyr later than the
estimate derived through a ”traditional” interpretation
of observations (it moves from z ∼ 1 to z ∼ 0.65).
In Fig. 9, we have marked the redshift at which the
model by De Lucia & Blaizot (2007) predict that 50%
of the stars of local ETGs are enclosed into one single
body (z ∼ 0.8). Accounting for the offset of ∼ 0.5-
1Gyr for system relaxation, the redshift at which our
model predicts that ∼ 50% of mETGs are in place
in the Universe coincides pretty well with the predic-
tion by De Lucia & Blaizot, even if we consider that
both quantities are not exactly equivalent (compare the
corresponding symbols in the figure). However, no-
tice that these author predict that ∼ 20% of the stel-
lar mass of local mETGs is still to be assembled at
z ∼ 0.3, whereas our model predict that > 98% of lo-
cal mETGs have already in place since z ∼ 0.45-0.5,
accounting for the previously-commented offset. The
extremely late epoch of mETG assembly reported by
De Lucia & Blaizot has its observational counterpart, as
the massive end of the galaxy LF is observed to be
still evolving through major mergers (basically, dry) at
a measurable level at z < 0.7 in high-density regions
(McIntosh et al. 2008; Liu et al. 2009). However, our
model reproduces the galaxy evolution of field mETGs
(see Paper I). As the mass assembly evolution and the
merger rate are known to depend strongly on the environ-
ment (Keel & Wu 1995; Tran et al. 2008; Hwang & Park
2009; Rogers et al. 2010b; Tasca et al. 2009; Zucca et al.
2009; Cooper et al. 2009; Welikala et al. 2009; Lin et al.
2010; Rogers et al. 2010a), it is possible that our model
is not sensitive to the extremely late phase of mETGs
buildup occurring in clusters (see Paper I). Note that
the model predictions do not rule out either a possi-
ble early period of rapid growth at z > 1.5 for some
brightest cluster ellipticals (rather than a prolonged hi-
erarchical assembly since z ∼ 1, see Kodama et al. 2007;
Drory & Alvarez 2008; Collins et al. 2009; Kang & Im
2009), as these systems (with L > 3L∗) represent less
than 5% of our L > L∗ sample.
In conclusion, the model poses a revealing, new insight
into the question of the final assembly redshift of present-
day mETGs: the consideration of that the mETGs at
z ∼ 1 may not be the passively-evolved, high-z coun-
terparts of some present-day mETGs, but their gas-poor
progenitors instead. This moves down the redshift of
complete assembly of this galaxy population to z ∼ 0.5,
in agreement with predictions of hierarchical models,
meaning that a correct interpretation of observations
is a key point to reconcile the late buildup of mETGs
predicted by hierarchical models with the observational
mass-downsizing phenomenon (see also Fontanot et al.
2009).
4.4. Mass growth in the red sequence driven by major
mergers
The rise of the number density of mETGs since z ∼ 1
by a factor of ∼ 2 predicted by the model entails that
the stellar mass of the red sequence has nearly dou-
bled during the last ∼ 8Gyr (§3.1). This prediction
is in agreement with independent observational esti-
mates (Bell et al. 2004b; van Dokkum 2005) and with
predictions of semianalytical models in a CDM scenario
(De Lucia & Blaizot 2007). Moreover, accounting for the
fact that ETGs represents nearly ∼ 50% of the local
massive galaxy sample (Banerji et al. 2010), the previ-
ous prediction implies that the mass accreted in major
mergers since z ∼ 1 amounts to ∼ 25% of the total stellar
mass density of the massive systems at z = 0. This value
is also similar to those derived from observational esti-
mates (Pe´rez-Gonza´lez et al. 2008a; Bundy et al. 2009a;
de Ravel et al. 2009), although a bit higher than the
value of ∼ 15% reported by Carlberg et al. (2000).
The model predicts that there have been & 0.35 dry
major mergers per local mETGs since z ∼ 1 (see §3.3.2).
This means that dry major mergers are responsible of
the accretion of ∼ 35% of the present total stellar mass
of mETGs, in agreement with the value of ∼ 38% re-
ported by Lin et al. (2010). This is equivalent to say
that gas-poor mergers occurred at z . 1 are responsi-
ble of accreting ∼ 18% of the total stellar mass density
of local massive galaxies, an estimate that is coherent
with that obtained by Khochfar & Silk (2009) using a
CDM-based semianalytical model (∼ 10-20%). More-
over, as our model predicts that there have been ∼ 0.85
gas-poor major merger (dry or mixed) per local mETGs
during the last ∼ 8Gyr (§3.3.2), local mETGs can not
have assembled more than ∼ 45% of their stellar mass
via dissipationless mergers, in excellent agreement with
the prediction derived by Nipoti et al. (2009) too.
All these results stress the feasibility of reproducing the
bulk of the observed mass transfer from the massive-end
of the blue galaxy cloud to that of the red sequence since
z ∼ 1, just accounting for the merger fractions reported
by current observations. Secular processes probably also
play a role in this process, although their effects must
be insignificant as compared to those of major mergers
in the high-mass range. In fact, observations indicate
that secular processes seem to have contributed more
relevantly to the formation of intermediate-mass Sa-Sb
disks than to the buildup of mETGs (Athanassoula 2008;
Combes 2008; Kormendy & Fisher 2008; Jogee et al.
2009; Bundy et al. 2009b; Lo´pez-Sanjuan et al. 2010b;
Yin et al. 2009). Therefore, the model not only supports
the key role played by major mergers in the assembly of
mETGs since z ∼ 1 (Bundy et al. 2005; Arnouts et al.
2007), but it also shows that hierarchical model predic-
tions and observations agree pretty well in this sense.
5. SUMMARY AND CONCLUSIONS
In this paper, we analyse the relative role of wet,
mixed, and dry major mergers in the recent buildup
of mETGs, as derived from the model presented in
Paper I. The model traces back-in-time the evolution
of the local galaxy populations considering the number
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evolution derived from observational merger fractions
and the L-evolution of each galaxy type due to typical
SFHs. Several relevant results concerning to the recent
buildup of mETGs have been derived:
1. The model demonstrates the feasibility of the
mixed scenario proposed by Faber et al. (2007), proving
that the coordinated effects of the wet, mixed, and dry
major mergers strictly reported by current observations
since z ∼ 1 can explain the increase by a factor of ∼ 2.5
observed in the number density of mETGs since then.
2. There have been ∼ 2 major mergers per local
mETG since z ∼ 1, ∼ 1 corresponding to wet mergers
and the another one to dry+mixed mergers. Therefore,
although wet major mergers have played the dominant
role in the recent buildup of mETGs, the contribution
of dry and mixed mergers has also been essential in it.
3. The bulk of this mETGs assembly is predicted to
take place during a ∼ 1.4Gyr time-span at 0.7 < z < 1.
Since z ∼ 0.7, the number density of mETGs has
remained nearly constant. The model shows that this
frostbite in the assembly of mETGs is basically driven
by the decrease of the major mergers fraction registered
during the last ∼ 6.3Gyr. The effect of a higher relative
fraction of dry and mixed mergers than of wet mergers
at z < 0.8 on this frostbite is secondary and irrelevant.
4. The stellar mass of the red sequence has nearly
doubled through major mergers during the last ∼ 8Gyr.
Dry major mergers since z ∼ 1 can account for the
assembly of ∼ 35% of the total stellar mass of local
mETGs. These estimates are in excellent agreement
with those derived from observations and from hierar-
chical models, stressing the feasibility of reproducing the
observed mass transfer from the massive end of the blue
galaxy cloud to that of the red sequence since z ∼ 1, just
accounting for the major mergers reported by current
observations.
5. The model poses a revealing, new insight into the
question of the final assembly redshift of present-day
mETGs: at least ∼ 87(11067 )% of the mETGs existing at
z ∼ 1 are not the passively-evolved, high-z counterparts
of the corresponding number of present-day mETGs,
but their gas-poor progenitors instead. This implies that
& 95% of local mETGs have acquired more than 1/3 of
their present masses through major mergers during the
last ∼ 8Gyr. Therefore, . 5% of present-day mETGs
have been really in place since z ∼ 1.
6. Nearly all present-day mETGs are being assembled
through major mergers at 0.9 < z < 1, ∼ 50% of them
are ongoing their assembly at 0.8 < z < 0.9, and ∼ 20%
of them are still accreting mass through major mergers
at 0.7 < z < 0.8. At z ∼ 0.6, the present population
of mETGs is completely-assembled in the Universe.
Accounting for the time it takes for a post-merger
galaxy to migrate from the blue cloud to the red
sequence (∼ 0.5-1Gyr), present-day mETGs must be
completely in place at z ∼ 0.5, in agreement with the
predictions of hierarchical models and with studies of
the stellar populations of mETGs. So, accounting for
the fact that a mETG existing at a certain redshift is
not necessarily in place since then, we can reconcile the
late buildup of mETGs predicted by hierarchical models
with observations supporting galaxy mass-downsizing.
7. The model predicts the present-day fractions of
E’s and S0-S0a’s if ellipticals derive from a wet major
merger plus at least one gas-poor event (dry or mixed)
since z ∼ 1, while local S0-S0a galaxies have been
assembled just through one wet major merger during
the same epoch. It can also reproduce the local fractions
of rapid-rotating, disky and slow-rotating, boxy E’s if
the former ones derive from a last mixed major merger
and the last ones from a last dry event.
Some specific model predictions are the following:
i. The population of mETGs at z ∼ 1 was being
doubled at that epoch just through wet major mergers
occurring at that epoch. Nearly 85% of mETGs at z ∼ 1
were taking part as gas-poor progenitors in a major
merger at 0.9 < z < 1.
ii. The number of major mergers taking place at z = 1
is equivalent to ∼ 35(5520)% of the present-day number
of L & L∗ galaxies (∼ 5% correspond to dry mergers,
∼ 10% to mixed events, and ∼ 20% to wet mergers).
This means that ∼ 0.85(1.500.50) major mergers were taking
place at z ∼ 1 per local mETG (∼ 0.55 corresponding
to wet events, ∼ 0.23 to mixed, and ∼ 0.07 to dry).
iii. The predicted number of major mergers occurred
since z ∼ 1 per local L > L∗ galaxy amounts to
∼ 65(11040 )%. According to the model, there have been
∼ 0.35 wet major mergers, ∼ 0.2 mixed, and only ∼ 0.1
dry events per local L > L∗ galaxy.
iv. There have been ∼ 1.8(2.61.2) major mergers since
z ∼ 1 per local mETG. Approximately one of these ∼ 2
mergers takes place during a period of ∼ 0.5Gyr elapsed
at 0.9 < z < 1, while the other one basically occurs
during the period of ∼ 1Gyr elapsed at 0.7 < z < 0.9.
Of these ∼ 2 mergers occurred since z ∼ 1, ∼ 0.35
correspond to dry and ∼ 0.6 to mixed events.
v. The model indicates that at least ∼ 35(5515)% of
local mETGs must have undergone a gas-poor major
merger in the last ∼ 8Gyr. Equivalently, ∼ 87(11067 )%
of the mETGs existing at z ∼ 1 have taken part as
gas-poor progenitors at least in one major merger since
z ∼ 1.
vi. The major mergers reported by present observa-
tions are enough to drive the numerical appearance into
the cosmic scenario of ∼ 30% of the present-day number
density of mETGs at 0.9 < z < 1, an additional ∼ 20%
at 0.8 < z < 0.9, and finally, ∼ 10% at 0.7 < z < 0.8.
These fractions already consider the mETGs that
are disappearing at each redshift due to dry mergers:
numbers equivalent to ∼ 15%, ∼ 10%, and ∼ 5% of the
local mETGs population are being removed from the
Universe through dry major mergers at 0.9 < z < 1,
0.8 < z < 0.9, and 0.7 < z < 0.8, respectively.
The model not only supports the key role played by
major mergers in the assembly of mETGs since z ∼ 1,
but also shows that the hierarchical framework for the
buildup of mETGs and observations at z . 1 are surpris-
ingly compatible afterwards. A correct interpretation of
observations is essential to reconcile the hierarchical as-
sembly of mETGs with galaxy mass-downsizing.
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